Aniline derivatives were diazotized and coupled with 3-aminocrotononitrile to give the corresponding 2-arylhydrazono-3-ketiminobutyronitriles. Cyclization of these arylhydrazono derivatives with hydrazine monohydrate afforded 5-amino-4-arylazo-3-methyl-1H-pyrazoles which were subsequently diazotized and coupled with malononitrile to yield a series of pyrazolylhydrazonomalononitriles. These compounds were then reacted with hydrazine monohydrate to provide, heterocyclic dyes, which were further diazotized and coupled with 4-hexylbenzene-1,3-diol to produce novel heterocyclic tetraazo dyes which were characterized by elemental analysis and spectral methods. The antimicrobial activity and absorption characteristics of the dyes were also examined in detail.
Introduction
The growing interest in the pyrazole chemistry lies in designing new synthetic approach, theoretical calculations and applications of newer spectroscopic techniques. The usage of many pyrazole derivatives has undoubtedly created considerable attention in developing many different synthetic procedures in pharmaceuticals, agrochemicals, dyestuff. The recent developments in the synthetic routes and the chemistry of pyrazoles have been thoroughly reviewed [1] [2] [3] [4] [5] . The condensation of β-enaminonitriles and β-ketoesters with hydrazines continues to be the most widely used method for constructing the aminopyrazoles and pyrazolones, respectively [6, 7] . The amino derivatives of pyrazoles belong to important compounds used for preparation of other functional derivatives mainly for the synthesis of condensed heterocyclic systems [8] [9] [10] [11] [12] . Also, fused pyrazoles are important compounds that have many derivatives with a wide range of interesting properties, such as antihyperglycemic, analgestic, anti-inflammatory, antipyretic, anti-bacterial, hypoglycaemic and sedative-hypnotic activities. Recently, some pyrazoles were reported to have nonnucleoside HIV-1 reverse transcriptase inhibitory activity [13] [14] [15] .
Some azopyrazole derivatives also find application in dyes, biological and pharmacological studies and complexes [16] [17] [18] . The use of heterocyclic intermediates in the synthesis of azo disperse dyes is well established and the resultant dyes exhibit good tinctorial strength and brighter dyeing than those derived from aniline-based diazo components. For instance, aminosubstituted thiazole, benzothiazole [19, 20] and benzoisothiazole [21] compounds afford highly electronegative diazo components and consequently, provide a pronounced bathochromic effect compared to the corresponding benzoid compounds. Moreover, azo disperse dyes containing 3-methyl-1H-pyrazole-5-one and 4-hexylbenzene-1,3-diol as coupling component have also been described as having red-violet colours in the literature [22] [23] [24] [25] .
We report here the synthesis of a series of new heterocyclic tetraazo dyes based on 4-hexylbenzene-1,3-diol. Antimicrobial activity and absorption ability of these dyes substituted with electron-withdrawing and electron-donating groups at their o-, m-and p-position were also examined in detail.
Experimental

Synthesis
All the chemicals used for the synthesis of the compounds were obtained from various companies (commercial grade) and were further purified by crystallization. The solvents used were of spectroscopic grade.
IR spectra were determined using a Perkin-elmer Spectrum GX FT-IR model, on a KBr disc. Nuclear magnetic resonance ( 1 H NMR) spectra were recorded on a Hitachi R-1500 in deuterated dimethylsulphoxide (DMSO-d6) using tetramethylsilane (TMS) as the internal reference; chemical shifts were (δ) given in ppm. Ultraviolet-visible (UV-vis) absorption spectra were recorded on a Carl Zeiss UV/VIS Specord spectrometer at the wavelength of maximum absorption (λmax) in a range of solvents, i.e. DMSO, DMF, acetonitrile, methanol, acetic acid and chloroform at the various concentrations (1x10 -6 -1x10 -8 M). Melting points were determined by open capillary method and are uncorrected. Elemental analysis was done on a Perkin Elmer CHNS/O Analyzer 2400 Series II were recorded on Agilent 1100 MSD. 2-Arylhydrazone-3-ketiminobutyronitriles (1a-1j) and 5-amino-4-arylazo-3-methyl-1H-pyrazoles (2a-2j) were prepared according to the literature procedures [1, 2] . The general route for the synthesis of 2-arylhydrazono-3-ketiminobutyronitriles and 5-amino-4-arylazo-3-methyl-1H-pyrazoles is shown in (Scheme 1).
Synthesis of pyrazolylhydrazonomalononitriles 3a-3j
5-Amino-4-arylazo-3-methyl-1H-pyrazoles (0.01 mol) were dissolved in a mixture of glacial acetic acid and concentrated hydrochloric acid (20 mL, ratio 1:1) and the solution was then cooled to 273.15-278.15 K. Sodium nitrite (0.69 g, 0.01 mol) in water (10 mL) was then added to this solution drop wise with vigorous stirring, during about 1 h, while cooling at 273.15 -278.15 K. Then the resulting diazonium solution was added in portions over 30 min to a vigorously stirred solution of malononitrile (0.66 g, 0.01 mol) in pyridine (10 mL) at between 273.15 and 278.15 K, maintaining the pH at 7-8 by simultaneous addition of sodium acetate solutions. The mixture was then stirred for 2 h. at between 273.15 and 278.15 K. The precipitated product separated upon dilution with water (50 mL) was filtered off, washed with water several times, dried and crystallized from DMF-H2O.
Synthesis of heterocyclic disazo dyes 4a-4j
Equimolar amounts (0.005 mol) of 3a-3j and hydrazine monohydrate in ethanol (30 mL) were heated, under reflux, for 4 h. The reaction mixture was concentrated in vacuo and then triturated with water whereby the resulting solid product was collected by filtration and crystallized from DMF-H2O. The general route for the synthesis of disazo dyes 4a-4j is shown in (Scheme 2).
Synthesis of heterocyclic tetraazo dyes 5a-5j
Diazotization of 4a-4j and coupling with 4-hexylbenzene-1,3-diol were prepared according to the literature procedure [26] . The general route for the synthesis of heterocyclic tetraazo dyes 5a-5j is shown in (Scheme 3). 
4-(3'-Methyl-4'-phenylazo-1'H-pyrazole-5'-ylazo)-3,5-[4,4'-dihexyl-1,1',3,3'-tetrahydroxy-diphenylazo]-1H-pyrazole
4-[3'-Methyl-4'-(p-methoxyphenylazo)-1'H-pyrazole-5'-ylazo]-3,5-[4,4'-dihexyl-1,1',3,3'-tetrahydroxy-diphenylazo]-1H-
4-[3'-Methyl-4'-(p-methylphenylazo)-1'H-pyrazole-5'-ylazo]-3,5-[4,4'-dihexyl-1,1',3,3'-tetrahydroxy-diphenylazo]-1H-pyrazole
4-[3'-Methyl-4'-(o-methoxyphenylazo)-1'H-pyrazole-5'-ylazo]-3,5-[4,4'-dihexyl-1,1',3,3'-tetrahydroxy-diphenylazo]-1H-
4-[3'-Methyl-4'-(o-chlorophenylazo)-1'H-pyrazole-5'-ylazo]-3,5[4,4'-dihexyl-1,1',3,3'-tetrahydroxy-diphenylazo]-1H-pyrazole
4-[3'-Methyl-4'-(o-methylphenylazo)-1'H-pyrazole-5'-ylazo]-3,5-[4,4'-dihexyl-1,1',3,3'-tetrahydroxy-diphenylazo]-1H-pyrazole
Antimicrobial activity of heterocyclic tetraazo dyes 5a-5j
The antimicrobial activities of the newly synthesized compounds were evaluated using the micro broth dilution method [27] Overnight grown microbial suspensions adjusted to McFarland 0.5 standard solutions were used as inoculants. A 100 μl from each microorganism suspension was transferred into the wells. The well containing media, sterile distilled water and inoculums were used for positive growth control. The minimal inhibitory concentration (MIC) values were determined after incubation at 310.15 K for 18-24 h. The MIC values were defined as the lowest compound concentration where absence of growth was recorded. Each test was repeated at least twice for all microorganisms. Streptomycin and fluconazole were used as reference antibiotics for bacteria and yeasts, respectively. All of the antimicrobial activity studies were performed in triplicate.
Results and discussion
Spectral characteristics and tautomerism
Tetraazo dyes 5a-5j can exist in six possible tautomeric forms, namely the Tetraazo form T1, the triazo-hydrazo form T2, the hydrazo-triazo form T3, the dihydrazo-diazo form T4, T5 and the dihydrazo-diazo form T6 as shown in (Figure 1) . The FT-IR spectra of dyes 5a-5j showed intense intense two imino (NH) bands at 3294-3144 cm -1 . The other λmax values of 3101-3022 cm -1 (aromatic C-H) and 2994-2963 cm -1 (aliphatic C-H) were recorded. 1 H NMR spectra of dyes 5a-5j showed four broad peaks at 12.75-10.23 ppm (NH), 11.20-9.30 ppm (NH) and two broad peaks at 7.9-8.9 ppm (OH), 10.5-11.2 ppm (OH), 0.86-0.96 ppm (CH3), 1.24-1.89 ppm (CH2), respectively. The other δ values of 2.48-2.40 ppm (CH3) and 8.35-6.98 ppm (aromatic H) were recorded.
These results suggest that dyes 5a-5j is present as one of the tautomeric forms in DMSO and the solid state. Previously, we established that the tautomeric structure of pyrazole dyes in the solid state and solution medium using FT-IR and 1 H NMR. The spectral data generally lead to the conclusion that the tautomeric equilibrium of these dyes was in favour of the hydrazo form [28] [29] [30] . These suggest that these dyes are predominantly in triazo-hydrazo form (T2), (T3) or dihydrazodiazo form (T4), (T5) and (T6) in the solid state and DMSO.
Solvent effects on UV-Vis spectra
The UV-Vis absorption spectra of dyes 5a-5j were recorded over the range of λ between 300 and 700 nm, using a variety of solvents in concentrations (10 -6 -10 -8 M) and the results are summarized in (Table 1 ). The visible absorption spectra of the dyes did not correlate with the polarity of solvent.
Dyes 5a-5j gave a maximum absorption peak in all used solvents. This result suggests that dyes 5a-5j is present in a single tautomeric form in all used solvents. 5a  473  468  454  422  437  444  5b  467  464  455  420  432  440  5c  503  505  459  437  449  455  5d  457  449  436  408  406  432  5e  472  463  452  414  416  445  5f  483  482  463  423  422  456  5g  472  463  453  422  418  445  5h  475  466  455  429  427  458  5i  487  476  466  433  428  457  5j  467  465  447  403  414  440   Table 2 . Absorption maxima (λmax, nm) of dyes 5a-5j in acidic and basic solutions. It was observed that in DMSO, DMF and acetonitrile, λmax of dyes 5a-5j shifted bathochromically with respect to the λmax in chloroform (e.g. for dye 5d λmax is 432 nm in chloroform, 457 nm in DMSO, 449 nm in DMF and 436 nm in acetonitrile) (Figure 2) . But, when we compare the bathochromic shifts of λmax of dyes 5a-5j in acetonitrile are less than in DMSO and DMF solvent. On the other hand, it was observed that in acetic acid and methanol, λmax of dyes 5a-5j shifted hypsochromically with respect to the λ max in chloroform (e.g. for dye 5b λ max is 440 nm in chloroform, 432 nm in acetic acid and 420 nm in methanol) (Figure 3) . It was also observed that hypsochromic shifts of λmax of dyes 5a-5c and 5j in acetic acid are less than hypsochromic shifts of λmax of dyes 5a-5c and 5j in methanol. Hypsochromic shifts of λmax of dyes 5d-5i in acetic acid and methanol are similar. 
Acid and base effects on UV-Vis spectra
The effects of acid and base on the absorption of dye solutions were investigated and the results are shown in (Table  2 ). The absorption spectra of the dyes in methanol were also quite sensitive to the addition of base (potassium hydroxide, 0.1 M), with λmax of dyes 5a-5j showing bathochromic shifts and absorption curves of the dyes resembled those in DMSO and DMF (Figure 3 ). This result suggests that these dyes are present in a different tautomeric form in methanol+KOH than that in methanol and this tautomeric form resembled those in DMSO and DMF.
When piperidine was added to dye solutions in chloroform, λmax of dyes 5a-5j did not change significantly except for dye 5c (Figure 4) . λmax of the dye 5c showed bathochromic shift when a small amount of piperidine was added to dye 5c solution in chloroform.
When hydrochloric acid (0.1 M) was added to dye solutions in methanol, λmax of dyes 5a-5c and 5j showed little bathochromic shifts with respect to the λmax in methanol and the absorption spectra of dyes resembled those in acetic acid ( Figure 5 ). It was also observed that when hydrochloric acid (0.1 M) was added to dye solutions in methanol, λmax of dyes 5d-5i did not change significantly. 
Substituent effects on UV-Vis spectra
As seen in (Table 1) , generally, electron-accepting chloro groups in all positions for dyes 5c, 5f and 5i cause bathochromical shifts in all used solvents when compared with dye 5a. λmax of dyes 5f and 5i in acetic acid hypsochromically shifted when compared with λmax of dye 5a in acetic acid. Electron-donating methoxy and methyl groups in para position for dyes 5b and 5d and methyl group in ortho position for dye 5j because hypsochromical shifts in all used solvents when compared with dye 5a. Visible absorption spectra of dyes 5e, 5g and 5h did not regularly change with the substituent effect in all used solvents when compared with dye 5a.
